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Abstract. Pervious concrete with high porosity has good permeability and low mechanical 
strengths are commonly used in controlling storm water management. It is different from 
normal concrete. It is only containing single size of coarse aggregate and has lower density 
compared with normal concrete. This study was focused on the effect of Engineered Biomass 
Aggregate (EBA) on the compressive strength, void ratio and water permeability of pervious 
concrete. EBA was prepared by coating the biomass aggregate with epoxy resin. EBA was 
used to replace natural coarse aggregate ranging from 0% to 25%. 150 mm cube specimens 
were prepared and used to study the compressive strength, void ratio and water permeability. 
Compressive strength was tested at 7, 14 and 28 days. Meanwhile, void ratio and permeability 
tests were carried out on 28 days. The experimental results showed that pervious concrete 
containing EBA gained lower compressive strength. The compressive strength was reduced 
gradually by increasing the percentage of EBA. Overall, Pervious concrete containing EBA 
achieved higher void ratio and permeability. 
1. Introduction 
Concrete is considered as major cause of natural materials deployment. However there are many by-
product materials which are being problematic to the environment as being waste material. Biomass 
aggregate (BA) is conceded as by-product material from the industrial effluents therefore, it is being 
dumped into the landfills apart from that, and biomass can be recycled to be used in the production of 
concrete as biomass aggregate [1-5]. Biomass aggregate is used in this study. It was estimated in 1998 
that more than 390 million tons of biomass was produced annually but its use was less than 15%. 
Production of biomass will increase especially in countries such as China and India. It is now 
estimated that about 780 million tons of biomass was produced in 2010 [3, 5-8]. Biomass aggregate 
(BA) is produced from the biomass wastes which used to generate heat in the furnace at around 800 
C for the manufacturing process. After the heat generation procedure, the remaining biomass waste 
ranging from 10% to 20% and the wastes are left and it becomes aggregate after cool down. This kind 
of aggregate can define as biomass aggregate (BA) and it is potentially become the sustainable 
material for concrete [6, 9, 10]. 
Pervious concrete is a type of concrete with a high porosity used for concrete flatwork applications 
that allows water from precipitation and other sources to pass through it, thereby reducing the runoff 
from a site and recharging ground water levels [5, 11-13]. It is also known as “no-fines concrete” 
composed with Portland cement, coarse aggregate, water, admixtures, and with a small amount or no 
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sand. In the past of 30 years, pervious concrete has been increasingly used in the United States, and 
among the Best Management Practices (BMP) recommended by the Environmental Protection Agency 
(EPA). By capturing storm water and allowing it to seep into the ground, pervious concrete is 
instrumental in recharging groundwater and reducing storm water runoff. The use of pervious concrete 
in building site design can also aid in the process of qualifying the building for Leadership in Energy 
and Environmental Design (LEED) Green Building Rating System credits [7, 8, 12, 14]. Innovative 
development of engineered biomass aggregate pervious concrete for sustainable construction is the 
main aim of this research.  
 
2. Material and procedure 
All the procedure and method preparation have been comply with the ASTM and EN BS standard [15-
18]. 
 
2.1. Materials 
The constituent materials used in this research were composite cement, crushed granite aggregate with 
a nominal size of (8-20) mm, water, superplasticizers (SP) and engineered biomass aggregate 
(EBA).Engineered biomass aggregate (EBA) was produced by immersing the biomass aggregate with 
epoxy resins and hardener. Once epoxy resins are hardened, it will produce a coating layer on the 
surface of biomass aggregate. The coated biomass aggregate is named as engineered biomass 
aggregate (EBA). The epoxy resins, hardener, biomass aggregate and engineered biomass aggregate 
(EBA) are shown in figure 1 and figure 2 respectively. 
 
 
Figure 1. Epoxy resin and hardener. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Biomass and engineered biomass aggregate. 
B 
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2.2. Producing engineered biomass aggregate  
The EBA is produced by mixing the epoxy resin (Sikafloor-161 HC) with the hardener [7]. Before 
mingling the hardener with the epoxy resin, the epoxy resin needs to be mixed up. A 0.42 kg of 
hardener was mixed with 1.52 kg epoxy resin inside a small pan and mingles it very well for a short 
time. 8 kg of biomass aggregate was mixed with the 2 kg of epoxy resin and hardener inside a pan to 
produce the EBA. After mixing, the EBA are taken out of the pan for drying, and underlid by plastic to 
avoid sticking to the plate surface. The EBA should be left on the room temperature for 24 hours to 
ensure well drying, and then collect the EBA after 24 hours drying period.   
 
2.3. Mix design 
Six pervious concrete mixes, as shown in table 1 were prepared. Since, there is no existing standard 
method of designing concrete mixes incorporating engineered biomass aggregate, the method of mix 
design proposed by [6]. The previous research [6, 19] was employed to design a pervious concrete mix 
with engineered biomass aggregate coated with plastic bag. The mix was designed to have a 28-day 
target compressive strength of 10 MPa. Superplasticizer of 1 liter/100 kg cement was used to increase 
the workability of the low water cement ratio pervious concrete mixtures. 
 
Table 1. Mix design for pervious concrete by adding EBA. 
 
 
 
 
 
 
 
 
 
 
 
2.4 Specimens and tests 
Concrete cubes of 150 x 150 x 150 mm were used to evaluate the compressive strength, water 
permeability and void ratio. All hardened concrete cube specimens will be subjected to water curing. 
The number of specimens used in the tests and the distribution is tabulated in table 2. 
 
 Table 2. Number of specimens. 
Specimen Test Number of specimens 
7-day 14-day 28-day 
150 x 150 x 150 mm cube compressive strength 3 3 3 
150 x 150 x 150 mm cube water permeability - - 3 
150 x 150 x 150 mm cube void ratio - - 3 
 
Compressive strength test was conducted based on BS EN 12390-3: 2009 [9]. Three cubes were 
tested for each age. Concrete cubes used for void ratio are the same cubes used for the 28 day 
compressive strength test. Void ratio test (figure3) was carried out at 28 day accordance to BS EN 
12390-7: 2009 [10]. Void ratio of pervious concrete is defined as the percentage of the total volume of 
void to the total volume of specimen. It was calculated based on the following equation, 
 
Void Ratio (%) = 1 − () 	 
100                (1) 
 
Mix Percentage Water Cement   C.A EBA SP1% 
M1 100% N.A 114 380 1620 ------ 3.8 
M2 95 NA,5EBA 114 380 1539 81 3.8 
M3 90 NA,10EBA 114 380 1385 154 3.8 
M4 85 NA,15EBA 114 380 1177 208 3.8 
M5 80 NA,20EBA 114 380 942 236 3.8 
M6 75NA,25EBA 114 380 706 236 3.8 
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Where,as ;  
W1 is the weight of specimen submerged under water (kg) 
W2 is the weight of specimen at a saturated surface dry condition (kg) 
V is the volume of specimen (m³) 
ρ is the density of water in (kg/m³) 
 
Permeability test was carried out according to JCI-SPO3-1 (Japan Concrete Institute) standard. 
Permeability test was conducted on the 150 mm pervious concrete cubes at 28 days. Figure 4 shows 
the water permeability test equipment.  It was calculated based on the following equation: 
 
 =  
  ( + ) 
  (2) 
 
Where, Q: Amount of water (mm³/s). 
 A: Cross-section area of pavement (mm²). 
 H: Water level. 
 L: Thickness of specimen (mm). 
           K: Coefficient of water permeability (mm/s). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Void ratio test.   Figure 4. Water permeability test. 
 
3. Result and discussion  
Table 3 shown below summarizes the tests conducted on this study, which are, density, void ratio, 
water permeability, flow rate and compressive strength test. Compressive strength was tested at 7, 14 
and 28 days. Meanwhile, void ratio and permeability tests were carried out on 28 days. 
 
Table 3. Values of all tests. 
 
 
 
Type of 
Mix Percentage 
Density 
(kg/ m³) 
Void 
ratio % 
Flow rate 
(mm/s) 
Compressive Strength (MPa) 
7days 14days 28days 
M1 100% N.A 1956 21.8 8.87 9.4 8.4 13.6 
M2 95NA,5EBA 1985 15.3 9.62 4.5 6.3 2.6 
M3 90NA,10EBA 1828 25.3 10 10.7 9.7 6 
M4 85NA,15EBA 1843 24.7 11 7.4 6.4 6.8 
M5 80NA,20EBA 1766 26.8 11.8 4.7 3.3 8.1 
M6 75NA,25EBA 1778 22.4 12.15 2.9 5.1 2.9 
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3.1. Density 
Table 3 shows the results of density when adding different percentages of EBA. Decreases of densities 
were recorded when adding EBA to the mix, and the reason behind this decrease is the lower density 
of EBA comparing to the normal aggregate. Only the second mix M2 recorded an increase of density, 
though it included EBA. The maximum density recorded were the M2 mix which included 5% of 
EBA, while the lowest density were recorded for the M5 mix, which included 20% of EBA. 
3.2. Compressive strength 
Figure 5, summarized the values of compressive strengths for all mixes at 7, 14 and 28 days of curing. 
From the Figure, it can be observed that the increase of percentage of EBA resulted in decreasing the 
values of compressive strength, since the EBA has low strength comparing to the normal aggregate. 
Only M3 showed an increase of the compressive strength, though it included 10% of EBA. The 
highest value were recorded for M1 mix that includes 0% engineered biomass aggregate at 28 days of 
curing time, while the lowest value were also recorded for the mixture with 5% of engineered biomass 
aggregate at 28 days of curing time, with the value of 2.6 MPa. 2.6 MPa, which were recorded for the 
5% engineered biomass aggregate mixture at 28days of curing time. 
 
 
Figure 5. Compressive strength of EBA for 7, 14 and 28 days. 
 
Based on the previous study conducted by [6] which was conducted about the biomass aggregates 
wrapped with plastic, and recorded an increase of the compressive strength with the increase of 
engineered biomass aggregates values. It can be observed that the biomass aggregates wrapped with 
plastic resist solving with water and helped in increasing the compressive strength, while the epoxy 
resin with hardened need to be studied to observe the effect of water to it, since the compressive 
strength decreased with the increase of biomass aggregates immersed with epoxy resin and hardened 
and also with the increase of curing time [6].  
3.3. Total void ratio 
Table 3 shows the results of void ratio for various mixes including different percentages of EBA. 
Basically, the increase of EBA will lead to increase of void ratio. The reason behind the increase of 
void ratio is the absence of the aggregate in the mixes, giving a space for voids. The highest values of 
void ratio were obtained at M5 which included 20%, while the lowest values were obtained at M2 
which included 5% of EBA. 
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3.4. Water permeability test 
Determining the time for the water to pass through the cubes is called the water permeability. The test 
was conducted using a tube with specific dimensions to calculate discharge time. From table 3, it can 
be observed the higher the percentage of EBA, the higher the water permeability. M6 which included 
25% of EBA recorded the highest value of water permeability, while the M1, which include 0% of 
EBA recorded the lowest value of water permeability. The behind the increase of water permeability 
with the increase of EBA percentage is the smooth surface of the EBA, which allow the water to move 
in a faster rate. 
4. Conclusion 
To sum up, the addition of Engineered Biomass Aggregate (EBA) lead to an increase of void ratio and 
water permeability, and thus decrease the compressive strength of the pervious concrete. Engineered 
Biomass Aggregate (EBA), as a partial replacement of conventional biomass aggregates, tends to 
increase the water permeability, and this increase of water permeability results in decreasing the 
compressive strength, except for the M3 that contains 10% of EBA which results in increasing the 
compressive strength. Void ratio was affected by the replacement of EBA. Void ratio tended to 
increase by the addition of EBA, except for the M2 mix that contains 5% of EBA. In terms of 
compressive strength, the optimum percentage was 10% EBA, which recorded the highest value of 
compressive strength. The mix that included 20% EBA recorded the highest value of void ratio, while 
the optimum mix that recorded the highest value of water permeability was the mix included 25% 
EBA. 
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